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AN EXTENSTVE MGl3 OF W S '  LOADINGS 

By Walter J. Klinar ana Ira P. Jones, Jr. 

SUMMARY 

An investigation has been  conducted in the Langley 20-foot  free- 
spinning tunnel t o  determine  the  spin,  recovery, and longi tudinal- t rb  
characteristics of a 60' delta-wing model throughout an extensive  range 

relative  density,  center-of-gravity  position, and ine r t i a  parameters. 

any unusual trimming tendencies above the stall were l ike ly  t o  exLst f o r  
designs of this type. 

?.. of mass loadings. The spin  investigation  included  variations i n  the 

e Glide t e s t s  and s ta t ic   force  tes ts  were performed t o  determine whether 

The investigation showed that  with a single-vertical-tail  configu- 
ration,  the model dfd not apfn for  a w i d e  range of values of the  iner t ia  
yawing-moment parameter. , As the   iner t ia  yawing-moment parameter was 
increased or  decreased From this range of values, however,: spins were 
obtained. The resul ts  showed that,  although  reversal of the  rudder on 
the  single-vertical-tail  configuration was generally  ineffective i n  
terminating  the  spin  rotation, movement of the  ailerons t o , f ' u l l  with  the 
s p ~ n  was very  effective. When ei ther  of two large-dud-vertical-tail  
arrangements were installed,  reversal. of the rudders also stopped  the 
spin rotation. 

The resul ts  of the glide t e s t s  and the  static  force  tests  indicated 
that trim conditions above the s t d l  would generally be obtained when the 
e levabrs  were full up but  that trim at t i tudes above the stall  with  the 
elevators  at  heutral o r  down probably would not be obtained  unless the 
center of gravity was relatively far rearwazd. 
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Because of current  interest  in  delta-wing  aircraft, an investigation 
was undertaken i n  the Langley  20-foot  free-apiiming  tunnel t o  determine 
the spin a& recovery  characteristics  thoughout  .a  wide  range of mass 
loadings of a model of a jet-propelled airplane with no horizontal  tail 

. hsvinge delta w i n g  with a 60° apex  angle.  For the investigation,  the 
relative  density was varied from approxhmtely 15 to 30, the  center of 
gravity was varied  from  approximately 24 to 35 percent of- the  mean 
aerodynamic  chord,  and  the  inertia  yawing-moment  parameter was varied 
from approximately -70 x to -1500 X the  maximum  variation 
obtainable on the m o d e l .  The basic  model  configuration had a single 
vertical  tail  mounted  at  the  center of the  fuselage,  but  several  dual- 
vertical-tail  configurationa  were  also  investigated. 

In  addition  to  the  spin  investigation,  force  tests  were  conducted 
f r o m  0' to goo angle of attack,  and  tests  with  the  model  in  free  gliding 
flight  in the tunnel  were  also  performed  to  determin?  the longitudinal 
trim characteristics of the model. The force  tests  were  conducted on 
the model used  for  the spin and  glide  testa  and  also on a larger  model. 
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X/E 

z / E  

=x - =Y 
mb* 

wing  span,  feet 

w i n g  area,  square  feet 

m e a n  aerodynamic chord,  feet 

ratio of distance  of  center of gravity  rearward of 
leading  edge  of  mean  aerodynamic  chord  to mean 
aerodynamic  chord 

ratio  of  distance  between  center of gravity  and  fuselage 
reference  link to mean  aeroaynamfc  chord  (positive 
when  center of gravity is below  fuselage  reference  line) - 

mass of airplane,  slugs 
I 

moments of inertia  about X, Y, and 2 body axes, 
respectively,  slug-feet2 

inertia  yawing-moment  parameter 
c 
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IY - Iz 
nib2 

inertia  rollilig-moment  parameter 

Iz - =x inertia  pitching-moment  parameter 

air  density, slug per cubic  foot 

relative  density of airplane (5) 
! R Reynolds  number 

angle of attack,  degrees (For the spin d a t a  presented on 
the charts, a is  the  angle  between  fuselage  reference 
line and vertical and is approxhately’eqpal  to  the 
absolute value of the angle of attack  at  plane of 
symmetry.) 

a 

angle  between epan axis and  horizontal,  degrees 

full-scale true rate of descent,  feet  per  second 

full-scale  angular  velocity  about-.spin  axis,  revolutions 
per  second 

sz 

I 

L lift, pounas 

D drag, pouilds 

M pitching  moment  about  center of’ gravity of airplane, 
foot-pounds I 

cl dynamic  pressure, paunds per  square  foot 

CL lift  coefficient (L/QS) 

CD drag coefficient (D/qS) 

c, pitching-moment  coefficient (M/qSC) 

I 

. .  
I 
I 

: 

9 angle of yaw about 2 body axis, degrees I 

Ee  elevator  deflection,  positive  when balling edge  is  down, 
degrees 

! 
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aileron  deflection,  degrees 

rudder  deflection,  positive when t r a i l i ng  edge is to the 
lef t ,  degrees - 

APPARATUS m METBODS 

Models 

The model used  for the apih  investigation  and  the glide tests was 

of  such  proportions as t o  be considered  representative of a --scale 

model of a f ighter- typ airplane, and  the  dimensional  characteristics 
of a corresponding  full-scale  airplane  are  given  in  table I. Figure 1 i s  
a three-view drawing of the  --scale model, and  the  various  dual-vertical- 

t a i l  arrangements tested on the model are  shown in  f igure 2. Comparison 
of figure 1 and figure 2 showe that the w i n g  span of the model was reduced 
somewhat  when the dual ver t ica l  tails were installed. A photograph of 

1 
20 

1 
20 

-I 

the  A-scale model spinning i n  the tunnel. is shown as figure 3.  The 

larger model,  which was used only for force tests, was considered t o  
20 

c 
be a --scale  representation of the  airplane and i s  shown  mounted in   the 1 

12 
tunnel in  f igure 4. 

For the models wed for  this investigation, lateral and longitudinal 
control were  cambined in  one pair of surfaces  called  elevons. Longi- 
tudinal  control was obtained by deflecting the elevons  together, and 
lateral control by differential   deflection of the elevons. Hereinafter, 
elevon  deflections  for  longitudinal and lateral control will be referred 
to,  for  simplicity, as elevator  deflection and aileron  deflection, 
respectively. 

The --scale model was ballasted  with lead weights to  obtain dsrMslfc 1 
20 

similar i ty   to  a corresponding airplane st an  a l t i tude of 15,000 f e e t  
(p = 0.001496 slug/cu f t )  . The weight, moments of iner t ia ,  and  center- 
of-gravity  location  used  in  ballasting  the model  were selected on the 
basis of dimensions of an airplane  typical of  this type. 

A .remote-control mechanism was instal led i n  the model t o  actuate 
the controls  for  recovery.  Sufficient maments  were exerted on the 
control surfaces during recovery attempts t o  move them fully ,and rapidly. 
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Wind Tunnel and  Testing Technique 

.c The t e s t s  were performed i n  the Langley 20-foot  free-spinning 
tunnel,- the operation of which is generally similar t o  that *scribed 
in  reference 1 f o r  the Langley 15-foot free-spinning,  tunnel. - . . 

Spin  tests.- The  model-launching technique for  spin t e s t s  has been 
changed from that described  in  reference 1 i n  that the model is now 
hunched by hand with rotat ion  into the ver t i ca l ly   r i s ing   a i r  stream. 
After a number of tu rns  i n  the established  spin, a recovery-attempt is 
=de by moving  one o r  more controls by means of the'remte-control 
mechanism. The spin  data  obtained from these  tes ts  are then  converted 
to  corresponding  full-scale  values by methods described in reference 1. 

In accordance with  standard  spin-tunnel  procedure, tests were 
performed to  determine the  spin  and  recovery  characteristics of the model 
for  the riorinal-control configuration f o r  spinning  (elevator full up, 
ailerons  neutral, and  rudder full with the  spin)  and fo r  varim other 
aileron-elevator  cosibinations  includlng  neutral and maximum sett ings 
of the surfaces  for  various model loadings and configurations. Recovery 
was generally  attempted by rapid  reversal of the  rudder from f u l l  with 
t o  full against  the  spin. Recovery was also  attempted by moving the 
ailerons t o  an  intermediate o r  full deflection w i t h  the apin. For some 
tests,  rudder  reversal w a s  accompanied by elevator  reversal. Tests were 

tions from the  normal-control  configuration  for.spinning. For these 
tes ts ,  the elevator was s e t  st two-thirds of i t s  full up deflection  and 
the  ailerons were s e t   a t  one-third of full deflection in the  direction 
conducive t o  slower recoveries  (against the spin for this model f o r  a l l  
loadings  tested). This particular  control  configuration i s  referred t o  
a8 the "cri ter ion spin.'' Recovery from this spin was attemrpted by 
rapidly  reversing  the  rudder from full with t o  only  two-thirds  against 
the spin o r  by reversing only the ailerons t o  w i t h  the  spin. 

.% 

J I  also performed to  evaluate the possible  adverse  effects of mmll devia- 

The  number of turns required for the  spin  rotation t o  cease was 
measured f r o m  the time the controls were moved until the r o k t i o n  was 
terminated. Based on previous  spin-tunnel  experience,  the  spin  rotation 
was considered t o  be adequately damped i f  the model stopped rotating 
within 2+ turns a f t e r  control movemeht from the  criterion  apin. 

4 

For recovery  attempts i n  which the model struck the safety  net 
while it was still i n  a spin, the recovery was recorded as greater  than 
the number of t u r n s  from the time the  controls were moved t o  the time 
the model struck  the  net. The condition  existing whewthe spinning 

of the  controls i s  referred t o  as "No spin" on the  charts. 
7 motion imparted to  the model st launching was damped without movement 

j -  

I 

I 

I 

I 



Force tes ts . -  The l i f t ,  drag, and pitching-moment-data  were obtained 
by  mounting the models on a-six-component-electrical  strain-gage  balance 
i n  the Lsngley  20-foot free-spinning  tunnel. 

G l i d e  tests.-  I n  order to  investigate the longitudinal trim 
tendencies of the --scale model for r e a m d  positions of the  center 
of gravity, the model was launched from an improvised ramp a t  one side 
of the tunnel and  permitted to  glide  freely  across the tunnel,  the 
tunnel  airspeed  being held constant. The a t t i tude  of the model during 
its f l ight   across  the tunnel was determined from studies of motion 
pictures of the model. Inasmuch a s  the  transverse  and  vertical  angles 
of the camera axis and  the  horizontal and vertical  distances  traversed 
by the model i n  a given tim6 interval  h d  t o  be estimated, the angle- 
of-attack  data  presented for these t e s t s   a r e  of qualitative nature only. 

1 
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The results presented  herein  are  believed  to be the true ~alue~ 
given by the model within the following limits: 

Spin tests Force tests 

a, degree.  . . . . . . . . . . . . . . . . .  fl L-0.5 
#, degree. . . . . . . . . . . . . . . . . .  -11 "" 

V , .per cent . . . . . . . . . . . . . . . . .  f 5 . +-3 
a, percent . . .  : . . . . . . . . . . . . .  i2 -" 
Turns for recovery. . . . . . . . . . . . . .  *- 1 

4 
"" 

The preceding limits may have been exceeded for some of the spins which 
were d i f f icu l t  t o  control  in the tunnel because of the wandering or 
oscil latory nature of the  spin. 

Caparison between  model and full-scale spin results (references 1 
and 2) indicates that spin-tunnel  results  are  not always i n  complete 
agreement with airplane  spin results. In  general, the models spun a t  a 
somewhat  higher  rate--of  descent and at  from t o  loo more outward 
sideslip  than did the  corresponding  full-scale  airplanes. The comparison 
made in  reference 2 for  20 airplanes showed that 80 percent of the models 
predicted  satiefactorily the corresponding full-scale  recovery  charac- 
terist ics and that .lo percent  overestimated  and 10 percent  underestimated 
tbe corresponding full-scale recovery  characterist,ics. 
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The lMts of accuracy of the electrical-strain-gsge measurements 
are  believed  to be as follows: 

cL . . . . . . . . . . . . . . . . . . .  fo.023 

c, . . . . . . . . . . . . . . . . . . . .  -10.007 
CD . . . . . . . . . . . . . . . . . . .  k0.015 

k0.041 , 

+o .027 
fo .021 

As bas been  explained  previouely,  the  glide data presented  herein 
are  considered  only  qualitative because the  att i tude of the model could 
not be measured accurately. 

The accuracies of measuring the weight and ma88 distribution of the 
model are believed t o  be within  the  following  limits: 

Weight, percent . . . . . . . . . . . . . . . . . . . . . . . . . .  fl 
Center-of-gravity location, percent E . . . . . . . . . . . . . . .  fl 
Moments of inertia,  percent . . . . . . . . . . . . . . . . . . . . .  &5 

Control  settings are made with an acc&-acy of *lo. 

TEST comrrrons 

Tests were performed for the model conditions  l isted  in  table 11. 
For a l l  tes ts ,  the landing gear was retracted and  the  cockpit was closed. 
The  mass-distribution parameters f o r  the loadings tested on the 'model a re  
tabulated in table 111 and plotted in figure 5.  

The maxbnm control  deflections  used  in  the tests were: 

Rudder , degrees : 
R i g h t .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30 
L e f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30- 

Elevons, degrees : 
A s  elevators, 

up . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 
Down . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 

As ailerons, ' 

up . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 
D O W ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 

! 
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The same maximum control  deflections were used for  a l l  the various 
vertical-tail  configurations  tested.  Figure 6 shows the angular deflec- 
tions of the elevons plotted  aminst  st ick  posit ion.  

The force tests were mde a t  a q of 7.9 pounds per  square  foot 
with a corresponding Reynolds number of 0.45 X lo6 for  the --scale model. 

For the  force tests on the --scale model, q varied from 4.2 t o  5.3 pounds 

per square. foot,  the  corresponding  variation  in Reynolds number being 
fl-am 0.53 X lo6 t o  0.59 X 10 6 .. The tunnel  speed  (and  the Reynolds number) 
had t o  be reduced a t  the  higher angles of a t tack for the --scale-model 

t e s t s   t o  prevent the  model from vibrating. The turbulence  factor of the 
spin  tunnel i s  1.8. No tunnel-wall or blocking  corrections h v e  been 
applied  to  the  force data because of the small size of the models re la t ive 
t o  the diameter of the tunnel. 

1 
20 

1 
12 I 

1 
12 

Single-VerticaLTail  Configuration 

Spin  tests.- The resu l t s  of the  spin  tests  for  the model with the 
single-vertical-tail  configuration, which was loaded to  represent an 
asswned n o m 1  Loading for  the corresponding  Full-scale  airplane,  are 
shown in  char t  2 .  For this loading  the  center of gravity was positioned 
a t  24 percent-of the mean aerodynamic chord, and  the  inertia yawing- 

.. 

8, 

moment parameter IX - IY and the relative  density were .equivalent 
' m b 2 .  

t o  -754 x and 21.33, respectively (model loading 7 i n  ta.ble 111 
and f i g .  5 ) .  A s  i s  shown in  char t  1, 'the model  would not  spin fo r  any 
control  configuration. For the  normal-contrdl  configuration  for 
spinning  (elevator up, ailerons  neutral, and rudder full w i t h  the  spin), 
the  launching.rofx,tion was emended rapidly  but  the model appeared t o  
remain i n  a f la t  stalled  glide.  When the elevator  and  ailerons were 
neutral,  the model dived vertically,  and when the elevator was down the 
model pitched  inverted. With the ailerons set full against the spin,  the 
spinning  rotation  imprted on launching was damped very  rapidly  and a 
rol l ing  osci l la t ion  s tar ted which increased i n  magnitude until the model 
rolled  continuously  about  the  longitudinal body axis. The angle between 
the longitudinal body axis  and the a i r  stream usually  appeared t o  be well 
above the   s t a l l  angle when the elevator. was up, neutral,  or down. With 
the  ailerons set a t  one-third of their full deflection  against the spin, * 
the  rolling motion was again  evident, commencing simultaneously with the 
cessation of the  forced-spin  rotation.  Strip-film  motion-picture  records 

k 
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.a 

showing the  cessation of the hand-forced-spin r o k t i o n  and  the  ensuing 
rol l ing motion are shown i n  figure 7. When the ailerons were set  with 
the  spin,  the results were similar to  those  obtained w i t h -  the ailerons 
.at neutral. 

I 

The effects of varying  the  relative  density  and the mass distri- 
bution, the center of gravity  being held constant a t  the normal position, 
are shown in  char t  2. A s  can be seen f r o m  this chart,  there i s  a region 
i n  which the model did not  spin which extencls from a  value of the  inertia 
yawing-moment p a r p t e r  e cp l  t o  somewhat less  negatively  than -450 x 10-4 
t o  a  value somewhat greater negatively  than -750 X however, the 
model st i l l  appeared t o  remain a t  attitudes' above the e t a l l  f o r  a l l  
elevator-up  settings and all aileron-against   sett ings  after  the launching 
rotation ceased. Ifhen the value of the  inertia yawing-maent  parameter 
A s  increased  to a proxinustely -70 x or  decreaeed t o  approxi- 
.mately -1000 x lo-%, spins were obtained usually when the ailerons were 
set   against  the spin;  decreasing  the  value of the  iner t ia  yawing-moment 
parameter t o   a p p r o x k t e l y  -1500 x led t o  spins when the  ailerons 
were neutral as well  aa when they were against  the spin. The splns 
obtained were generally f l a t  and the reversal of the  rudder was generally 
not  effective  in  terminating the spin rotation i f  the  ailerons were even 

be terminated by rudder  reversal. .The data presented in c h r t  2 indicate 
that there was l i t t l e   d i f f e rence   - i n  the results obtained  for the .three 
values of relative  density  tested.  

17 par t ia l ly  against the  spin. Spina obtained H t h  ailerons neutral could - 

I n  order t o  terminate  the  rotation of the  spins  obtained with the 
ailerons  either  partlally  or fizlly against  the  spin,  recoveries were 
attempted by moving the  ailerons from against t o  w i t h  the spin, rudder 
and elevator  remaining  fixed a t  their initial settings, o r  by slmul- 
taneously  reversing  both the rudder and elevator,  the  ailerons  remaidng 
fixed. The resul ts  of these  tests,   presented  in  table IV for  a f e w  
representative  ladings,  indicate that reversal of both rudder and elevator 
was not effective in terminating the spin  rotation, w h e r e a s  movement of 
the  ailerons t o  full w i t h  the  spin was effective.  Theresults  indicated 
that, although movement of the ai lerons  par t ia l ly  with the  spin would be 
beneficial,  in  order  to  insure  termination of the spin  rotation  for a l l  
loadings  the  ailerons  should be moved ful1,with the spin. It appears 
that withfn  the  range of loadings  tested, the ailerona  instead of the 
rudder  and  elevator w i l l  be  the most effective  control8 f o r  terminating 
the  spin  rotation of airplanes  corresponding to   the model teated. 

Comgariaon of the  results of tests  presented on charts 3 and 4, 
w i t h  those  presented on charta 1 and 2 shows the effects of moving the 

aeroaydamic  chord. These t e s t a  were conducted a t  two mass distributions: 
a mass d-istribution f o r  which no spins had been  obtained a t  the n o m 1  

T center of gravity  rearward from normal t o  30 and 35 percent of the mean 

c 
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center-of-gravity  location  and a mass d i s t r i h t i o n   f o r  which the model 
exhibited strong  spinning  tendenc'ies a t   t h e  normal center-of-gravity 
location. When the  center of gmvity was moved rearward the model spun 
when the ailerons were placed  against the q i n ,  but the model sti l l  
resisted spinning when the  ailerons were placed with the  spin. A s  had 
usually been the  case when spins were obtained a t  the normal center-of- 
gravity  location when the  ailerons were against  the apin,  rudder  reversal 
was again  ineffective  in  terminating  the  spin  rotation; and, although 
not  specifically  tested  for  al l .conditions,  it appeared that movement 
of the ailerons to  full with the  spin would have been effective in 
damping the  spin  rotation. T h i s  conclusion was based on the similarity 
of the spin  characterist ics  for these t e s t s  and for  those conducted a t  
the normal center-of-gravity  location. (See table IV.) For those 
control  settings  for  which.the model did  nQt  spin,  or for the spins 
which were terminated by movement of the  controls, the model generally 
appeared  t,o remain above the  tall a f t e r  the termination of the ' rotat ion.  
As is  i n d i c a t e d   i n   c h r t s  3 and 4, when the  center of gravity was a t  
30 percent of the mean aerodynamic chord, the  elevator had t o  be s e t  
to  loo down before the model was observed fo dive  out of i ts  apparent 
f l a t . g l ide ,  and when the  center of gravity was a t  35 percent of the 
mean aerodynamic  chord the  elevator had t o  be set a t  &lo down i n  order 
to  make the model pi tch   to   an   unshl led  attitude. 

*. 

I 

Stat ic-force  tes ts  and glide tests. - 5 b6havfor of the model used 
i n  this investigation  during i ts  recovery from a spin was different from 
that of  a conventional model. Generally,  the  attftude of a conventional 
model steepens as the rotation slows down a f t e r  movement of the  controls 
f o r  recovery so that the model i s  almost  vertical by the t h e  the  rota- 
t ion  has been  terminated. T h  a t t i tude  of the model used in this 
investigation did not.  begin t o  steepen  unti l   after the rotat ion h d  been 
terminated and the model had begun t o  glide. The f l i g h t  of the model 
could be observed fo r  a time duration  correspimding t o  about 2.5 seconds 
on  a full-scale airplane from the time the rotation was terminated until. 
the model struck the safety net, so that a very slow chnge in a t t i tude  
from a f l a t  stalled t o  sn  unstalled  angle of attack would not be 
observable i n  the tunnel,  and  the m'del would thus appear  to remain a t  
i ts  initial highly stalled at t i tude.  Accordingly, force  tes ts  were 
conducted t o  determine the trim attitudes that might be experienced by 
a delta-wing airplane having  desi- characterist ics similar t o  the model 
tested for the range of center-of-gravity  positions  investigated  in  the 
apin tests. Ae previously  indicated,  force  tests were c,onducted on 
the  --scale model used for the  spin  tests.  Because the pitching-moment 1 

20 
data derived from the --scale-model tests were of about the same or*r 

of magnitude as the precision of the measurements, force   t es t s  were also 
made on a larger model  which was available  and which was considered t o  

I 

20 
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be  a --acale  representation 

ty-pe airplane. A camparison 

1 
12 

11 

of a corresponding  full-'scale  fighter- 

plot  of the aerodynamic characterist ics  in 
pitch of the A-scale and A-scale models and of a full-ecale  airplane 12 20 
previously tested by the NACA, which airplane is  generally similar t o  
the models tested, . i s  ahown in  figure 8. As can be  seen f r o m  this figwe, 
the pitching-moment curves of thefull-scale airplane and the two mo?els 

show general agreement, although  the trim angle indicated by the --scale 1 
20 

model differed somewhat from that indicated by tm full-scale and  --scale- 

model data. The greater  portion of the force data presented  in this paper 
is f o r  the  --scale model inasmuch ss ' the  pitching-moment characteristics 

of this model were somewhat more like  those of the -1-size atrplane. 

I 12. 
1 

-. 

Figures 9 and 10 indicate that the --scale model will not trlm 

above the stall for  neutral or down positions of the elevators even when 

dpamic chord. When the center of gravity is at 35 percent of the mean 
aerodynamic  chord, the model is  approximately  neutrally  skble. Inawzuch 
as the slopes of the pitching-moment curves are rather f lat ,  particularly 
when the  center of gravity i s  rearward of norma1,'a corresponding full- 
scale  airplane might be  expected t o  be slow. in changing a t t i tude  from a 
high stalled  angle of a t t ack   t o  sn unatalled condition for rearward 
positions of the  center of gmvity. This expectation is  borne out by 

the  results of the sp in ' tes t s  of the ---scale model. 

1 
12 . 

? '  the  center of gravity is a s  far rearward as 35 percent of the mean aero- 

1 
20 

Because the --scale model traversed only a relat ively  short  1 
20 

distance  during the ensuing  glide  after the termination of the spfn 
rotation  (usually about half the diameter of the tunnel), a few.glide 
t e s t s  were made so that a greater  portion of the glide could be observed 
by permitting the model t o  glfde a l l  the way across  the tunnel. The 
resul ts  of these tests are  presented  in  f igme 11 and  indicate that the 
rate of change of angle of attack f r a m  an initial stal led  condi t ion  to  
an  unstalled  at%itude was rather slow when the  elevator was neutral  and 
the  center of gravity was a t  30 percent of the mean aerodynamic  chord. 
When the elevator w&s rg, with the  center of gravity a t  30 percent F, 
and when the elevator was neutral or up, with the center of gravi ty .  

above the stall. ,These resul ts  are generally  consistent with those 
predicted by the "-scale-model force data. 

* a t  35 percent Z, the glide data  indicate tbt the model tended t o  trb 

a 12 
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It appears the t e s t  results that although a delta-wing-airplane 
configuration similar to   the models used  for t h i a  investigation will 
probably  not  exhibit  any trim conditions above the stall unless  the 
elevator i s  up or  the center of gravity i s  so f'ar rearward that the air- 
plane is almost  neutrally  stable,  the rate of change i n  angle of 'attack 
f r o m  a high  stalled  angle of at tack  to   an  unstal led  a t t i tude may be 
slow.unless the center of gravity i s  maintained  forward Qf approxi- 
m t e l y  25. percent of the mean aerodynamic chord. In  addition, there i s  
the  possibil i ty that-.the st ick  force  required  to  move the  st ick forward 
to   o r  beyond neutral  when the airplane i s  a t  a high  stalled  att i tude may 
exceed the pilot 's   capabili tfes,  and it may be desirable  to fnstall a 
boost  apparatus i n  the control system t o  assist the   p i lo t   in  moving the 
controls. 

Multiple-Vertical-Tail  Configuration 

I n  order t o  determine the  effects of Qther vertical-tail  configura- 
tions on the spin and  recovery  characteristics of designs of this type, 
the model was tested w i t h  several  dual-vertical-tail arrangements. For 
these  tes ts  small dual ver t ica l  tails were added a t  the wing t i p s  of the 
model, the  center kil being  retained, and, in  addition,  the model was 
tested w i t h  the single  vertical  tail removed and two larger   sets  of dual 
ver t ica l  tails al ternately added t o  the wing t ips .  These tail arrange- 
ments are  shown in   f igure .2 .  The mall dual ver t ical  tails were not 
tested alone  because  they were considered  inadequate  to,provide  the 
desired amount of  direct ioml stability, whereas the other two larger 
sets of  dual ta i ls  were deemed capable of providing 8 &irect iomlly 

The tests were conducted a t  two loading  conditions, one with the center 
of gravity a t  30 percent of the mean aerodynamic chord  (loading 15 i n  
table I11 and f ig .  5 )  and the other  with  the  center of gravity a t  35 per- 
cent of  the mean aeroayaamic  chord (loading 16 i n   t a b l e  I11 and f ig .  5 ) ;  
with moments of inertia.corresponding  to  those  tested a t  the n o m 1  
loading. The results with the single   ver t ical  t a i l  instal led showed that 
the effects  of  moving the cent& of m v i t y  rearward from normal (moments 
of iner t ia  maintained a t  their normal values) were sFmflar t o  the  effects 
obtained by increasing o r  decreasing  the  value o f -  the iner t ia  yawing- 
moment parameter from normal. It i e  expected that samewhat  simflar 
effects  may exist   with the.multitai1 arrangements inatal led on the model. 
Thus it appears that the results of tests a t  the two center-of-gravity 
positions  investigated may give a general  indication  of the results that 
might  be expected a t  other mass distributions. 

' stable   a i rcraf t .  The results of the' teste  are  presented on charts 5 and 6 .  

As is shown i n  chart 5; when the  center of gravity was at 30 percent 
of the mean aerodynamic chord, all the multitail arrangements contributsd 
suff ic ient  &ping to prevent the attainment o P a  condition of' spin 
equilibrium  for all control  settings  except the'no-1 spin-control 

L 



configuration. The results indicated, howeirer, that reversal of the 
rudders  alone would terminate  the  spin  rotation f o r  this spin. When the 
center of gravity was moved rearward t o  35 percent of the mean aero- 
dynamic chord, however, the amrzll-dual- and single-vertical-*&il combinsi- 
t ion did not  appear to terminate  satisfactorily  the  spin  rohtion f o r  
the criterion  spin-control  configuration by reversal of the rudders, - 
whereas the two large  dual-tail a;rrangements,were s t i l l  generally 
effective i n  terminating  the  rotation. The results  indicate that the 
large-dual-vertical-tail  arrangehents were more effect ive  in  a p i n g  the 
spin  rotation  than the combination of small dual t a i l s  and single  center 
t a i l ,  or the  single  vertical '  tail alone, and, further, that with 'ei*her 
of the  large-dual-vertical-tail arrangements instal led (22 and 27 percent 
of the wing area,  respectively) the spin  rotation  could be  terminated by 
reversal of the  ruddeis.  Addition of the, dual ver t ica l   t a i l s ,  however, 
did not  ellmimte  the  undesirable  characteristics i n  pitch  for rearward 
positions of the 'center of gravity. 

Eased on dynamic and s t a t i c   t e s t s  of 60° delta'-wing models, the 
following  conclusions  for a similar full-scale  airplane are made: 

1. Spins  obtained w i l l  generally be f la t  and  reversal of the &udder 
will generally be ineffect ive  in  terminating the spin rotation. Use of 
twin ver t ical  tails .of sufficient  size will be ef fec t ive   in  stopping the 
spin  rotation but the  airplane may tend  to remain i n  a flat. stalled 
a t t i tude  and it will be  necessary t o  move the s t ick  fo"d of neutral 
in order  to  pitch  rapidly to an  unstalled  attitude. 

2. In general, moving the ailerons  to full with the  spin wtll be 
the most effective  control movement for  terminating  the  spin  rotation: 

3; Spins may not be obtained for a  range  of values of the  inertia 
yawing-moment parameter  extendlng from approxfmately -450' X LO-4 
t o  -750 X 10- . 4 

4. Rearward positions of the center of p v i t y  will increase  the 
l ikel ihood of obtaining  spina and will require  larger elevator-down 
settings  to  pitch  the  airplane  rapidly  to an unstalled  att i tude.  For 

I 

I 

I 

L 

i 

I 

I 

I 

I 

L 



satisfactory longitudinal trim characteristice, it appears that the 
center of gravity should be maintained  forward of the 25-percent station 
of the mean aerodynamic chord. 

' 5 .  There will be l i t t l e   e f f e c t  on spin and recovery  characteristics 
of changes in  airplane  relative  density.  

? 

Langley Aeronautical  Laboratory 
Natioml Advisory Committee for  Amornutics 

Iangley A i r  Force Base, VEL. 
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RELATIVE DiNaITIEB; 8I19QLE Y K F L T T D A L ~  CENTER OF OAAVITY AT 24 PERQEIQT 0- 
OABRT 2 ( a )  - SI% OHBRBOTERISTIOS OS A LARGE R4NQ-E OF IWERTIA PARMIETERB AND 

against the  spin unlssm otherwisenin8-icated;  rotation  to  pilot’e  right” For oontrol 
oonfigurations for rhloh nElo spin reoordsd, aes ahart 1 for desoription of model motion 
after launohina rotation axrrendedl 

H Bo apin Id 192 0 . ~ 2  

t”l I 
4 Elevator - 

I O0 . I  

I 

r 1 

%udder reversed f r v m  f u l l   w i t h   t o  - againat  2 
the  epin. 3 Model values 

converted t o  
correapondlng 
fu l l - sca le  vsluea. 
u lnner wing up 
D lnner wlng down 
& greater  than 10 t u r n a  

Turns for 
recovery 
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c 

AND RELATSVE DENSITIES;  SIHQLE VERTIOAL TAIL IAST- ANTJ OENTER OB @ZIAVITY 
AT 24 PERCENT 0 - Conoluaed 

221 0.41 

"Rudder revereed i r o n  -11 wlth t o  - against  
2 

the epln. 3 
Model values 
converted t o  
corresponding 
ful l -scale  values. . . 
u i nne r  wlng UP 
D lnner  wlng down 

"..$"ter than 10 turn8 

H Bo spin 

I 

! 

I 

! 

I 

I 

i 
I 

' I  
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OHART 2(b) . -  SPIN OIIARACTWISTICB O-RGE AABOE OF INERTIA PARAMETERB AND 
RELATIVE DENSITIEB; SIN- VERTIOAL TAIL INBTALLED AND CEI'JTER OF W V I T Y  AT 24 PERCENT a 

Loading aa indicated; moael launched in an erect att i tude  with the mader fixed r u n  with  the 
dlreotion of rotation;   rotat ion  to   pl lot 'e  right. For-oonfiguratlona forwhiah  ap 
reoorded, aee chart 1 for deaoription of model motion af ter  18imahing rotation  txpendea" 

,b2 

"2- 

IX - IY = -452 X 10-4;A = 15.10 (loading 1 i n  table III-a:d fig.-5), 

IX - IY = -491 x 10-4;A = 22.20 (loading 6 i n  tabla I11 and f i g .  5 ) .  and ' 

" IX - IY - -480 x l O & ; M  = 30.30 (loading 11 in table  111 and fig. 5)  
rub2 

Elevator - up 2 

e m o  , 
Ro l lph 

B No apin . 

9 810 apin El lo apin 

I 

I 
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0 
CHART 2 ( ~ ) . -  SPIW CHARAOTERISTIGS OF HODEL FOR A LBR(IE W G E  OF IHERTU 
PAIUMETERS AND RELATIVE DEHSITIEB; SUGLE VERTIOAL TAIL INSTALLED AND 

(IENTER OF 'GRAVITY AT 24 PERGENT o . 

Loading as  LndlcateB; model launched in an erect   att i tude  with the milder f i r a d  Yith the 
of rotation;  rotation t o   p i l o t ' s  right. For control  oontiguratlon for whloh 
recorded,  see  ohart 1 f o r  desorlption  of model  motion a f t e r  launohlng  rotation 

- 
2 'in table I11 and rig. 51, 

I 

.. 7 in table 111 and flg. 5). and 

I 

! 

B no spin a lo apln 

I 

Elevator 

I 

c 

I 

R '  No spin w x0 apin, El No a p l n  

I 

! 
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OHART 2(d).- spm (IHBRBBTERISTIGS OF MODEL FOR A LBRCE RANGE OF INERTIA PARAMETERS AND 
U T I V E  DENSITIES; SINOLE m T I O A L  TAIL INSTAL= AND OEBITER OF aRAVITY AT 24 PEROEm 

Eosdlng BE indlaated; model hunahed In eraot   a t t i tude   wl th  the rudaer f ixed full with the  
p i rea t ion  of rotatlon;  raaoveries  at tempted by reversing the rudd& from full w l t h   t o  full  
against   the  spin  unless  otherwise  noted;  rotation t o  p i l o t ' s   r i g h t .  For aontrol   configurat ions 

ro t a t ion  e*pende& 
f o r  which 'Bo ep I' reaordeb, as8 ahart  1 f o r  desorlptlon of  model motion aftez  launahing 

''x -. IY = -999 x loJc; r( = 15 .OO 
mb' 

(Loading 3 on t ab l e  111 and fig.  5) 

Bi No spin ' 

Elevator - H 

I I 
I .  
I 

a No epln 

I 
. I  

I 
I 
I 

PI lo pin  

I 

€3 No epfn 

%ide radius   spin.  
%ode1 has a whipping  motion an it spins. 
'Rudder reversed *om full with  to 2 agains t  Model values 

the  gin. 3 c o n v e r t t d  to 
c o r r e s p o n d i n g  
f u l l - s c a l e  v s l u t a .  
U l n n e r  wing up 
D i n n e r  wing down 

H No apin 

Turns for 
recovery 
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H No apin No apln Bo spin a t  

Elevator 

I 

b 

I & r * 
I 
I i 

I 

%ode1 o s a i l l a t e s  in pitch.  
bHodel o sc l l l a tee   grea t ly   in   p i t ch   an6   ro l l .  
%ode1 in flat a t t i tude  when rudder war  Model values 

%Me radiun spin. 
reverse&. converted to 

%daer reversed from f u l l   w i t h  to - agslnat   ful l -scale   values.  
the apin. 3 . . .. . . U _. lnner wing up 

' D lnner wing down 

2 corraspondlng 

I I 



OHART 2(d) .- SPIN  OHARAOTERISTICS OF MODEL FOR A U Q E  KBAQE OF INERTIA  PARAHETERS AND 
RELATIVE  DENSITIES; SIN- WRTIOAL TAAIL.III6TALLZD AHD OENTER OF QFtAVITY AT 24 

PWOENT b - Clonoludsd 

I X  - IY =. -1021 X 10°C; 30.30 

(Loading 13 on table 111 and fig. 5) 
mb2 

'rl Ho spl 

" 

No + 6 p h  
Allarona fu l l  against Aileron8 full w i t h  - egh lo " spin Fio - 

I 

1' lo apl  E No spin 

%adder  revaraed f m m  full w i t h  t o  5 against 
2 

the  spin. Model values 
converted t o  
correspondlng 
full-scale values. 
u inner wlng  UP 
D inner w l n g  down 
go =eater than 10 turn6 

r r n 8  recovery f o r  
z 

I 
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OHAFtT 2(e).- BPIM OHARACTER 
AELBTIVE DENSITIES: BINCILE 

MQE OF =TU PAItlilIfiERB AND 
OEWPER OF AT 24 PEFlcEBp 7i 

h a d i n g  as inbioated; model launohecl in an e m o t   a t t i t u d e  w i t h  the rudder f ixed  f u l l  with t h 8  
a i r eo t ion  of ro t a t ion ;  reooveriee attempted by reverein the rud8er from full with t o  full 

l e a n  otherwise noted; rotation t o   p i f o t t a  right. For oontrpl ooniigurations 
recorded, see cher t  1 for a n o r l p t i o n  of model m t i b n   a t t a r  lauuohing 

'x - IY = -1524 x lo&;,#= 15.10 

(baaing 4 in t ab l e  111 and rig. 5) 
mb2 

I 

Elevator 7 up 2 

PI 

I 

I 

IQ 1po s p i  

Ho sp in  

a 

b&del oso l l l a t en   g rea t ly  i n  p i t o h  and ro l l .  
%udder reverred while model i n  n u t   a t t i t u d e .  Hode1 
s i d e  raaus spin. , 

%andaring #pin. 
fmuer reversed from N1 wlth h w i n s t  ~ 1 ~ ~ ~ ~ ~ 1 ~ ~ ~ ~ 1 ~  - 

D lnner wlng down 

m a e l  has pe r iod lo   o sa i l l a t lons  In roll. 

converted  to 
correspondlng 

the  apln. 3 

I 

I I Turnd f o r  
recovery - eater than 10 t u r n a  

! 

' I  
I 

L 
! 
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El No spin  @ No spin 

I 

I 

@ lo epin €I Bo spin 

- .. . .  

I Turns for 
recovery 

m e r  than 10 t u r n n  
D inner wing down 
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No epin;  lauaohing  rotation damp6 In  l o  apln;  lamohlug  rotation daaps I n  
agprorimately 6 turns; m d e 1  enters  n approximately 4 tuns; model entern 

a flat   gllde and  begin8 turning .to 
the l e r t  beiors etr lking  earety  net .  

meent .  

I. 

I I I I 

f 
Ailerons 
full W l t h  

n I Deearlptlon of 
spin I 
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Elmtor 

d ter than 10 turna 

Turns f o r  
recovery 
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OHART 5.- BPIPI C H e R l l O T ~ B P I O B  OF MODEL WITE VAFUOUB VERTIW TAIL ;BRRBEIGEI&ENTS 'INS-; 

OENTER OF (H1AVITY AT 30 PER(IE#T 6 
EAdIng number 15 on table 111 and fig.  5 ('x, - 'y = -749 x loa;/= 22-90): tail arrangement 

mb2 
as inaloatea; model launohed in an ereot  attitdie  with  the rudd- f lxed full with t b  aireation 
of rotation; rsooveries attemptea by reverafng the rudders from f u l l  v i t h  t o  idLL rrgelnst the 
apln unless otherwise  noteb; rotation t o   p i l o t l s  righu 

6mall dual and ningle   vert ica l  tail installea (.fig. 2) 

Ailerons f u l l   v i t h  

h g e  radius flat sppin. Termination of epk 
rotation  inBloated  to be rapld from thin uppin 
br reversal of rudders Inasmuoh ns fOPoed 

. spin rotation damped rspiaiy when model vkq Model values 
launohed  with  the madders s e t  against nppin. converted t o  

corresponding 
full-scale values. 
U lnner wlnc UD I I Turns for 

recovery 

I 

I 
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OHART 5 - SPIBI OHBRAOTERISTIOB OF MODEL WITH YARIOUS TAIL  ARRANGEMENTS 

iHSTALm; C E H m  OF QRAVITY AT 30 PEFlOEWT 0 - Uontlnued 

Model valuea 
converted t o  
correepondlng 
full-acale valuee - 
u i nne r  wing UP Turns for 

recovery 

! 

. 
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Bo apin 

chart 3 )  

% W o  spin' condition u l s o  obtalne&. 

%del goes b t o  left egin afier r e o m e r y .  
b O p d . ~ t O ~  E P h .  

from right spin. 
Model Value8 
converted t o  
corresponding 

u €nner wina UD 
ful l -ecale   values.  
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OHART 6.-  SPIN OKARACTEUSTIOS OF MODEL WITH VARIOUB V E R T I O A L  TAIL  ARRAI(IPIENTS  IWTALLED; 
CIENTER OF QRAVITY AT 35 PERcEElT a 

'[&ding number 16 on tab le  111 dnd f ig .  5 ('x - IY = -697 x I&; A= 22.90) ;  t a l l  arrangement 
an lna iaa ted ;   =de l   l aunohea  in an e r e o f x d e  with  the nrddelaflxed f u l l  with the 
dl reo t lon  of rotation:  reooverlso  attempted by reversing  the ruddersfion f u l l   u l t h   t o   f u l l  
against   the   spin unless  othsrviaa no ted ;   ro t a t ion   t o   p i lo t ' s  r l g h t l  

Small  dual and single  v e r t l o a l  t a l l  lne t a l l ed  ( f ig .  2) 

a, b 

m 120 20u 

a 
r( 

2 

s 
d 

F 
8 

Fl 
a Oaoillatory  apln. 
bA "lo apln"  oonditlon a l a o  obtained. 
oModel appear6 t o  remain in s t a l l e d  glide a f t e r  Mpdel valuea 

termination of s p 3 r o t a t i o n .  Ru%dar r8VEreBB Converted to 
froa mull wi th  to   agalnat  the  spin.  correepondlnp ful l -scale   values.  

U inner widg up 
D inner winn down 
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Medium size  dual  vertioal tails i n s t a l l e a  
(f ig.  2 )  
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CHART 6 . -  SPIA .ORARACTERISTICS OF MODEL WITH VARIOUE VERTIOAL T A I L   m ( I E M E M T S  

INBTAUED;  CENTW OF M A V I T Y  AT 35 PEFiCENT 0 - Conoluded 

Large alze  dual   rert loal  t a l l a  lnata l led  (fig. 2 )  

ch 

rn 

Two types o r  spin 

PE 1.a  ears t o  remain In  etal led a l a e  
rminatlon o f  spin rotation. 

b%del goes in to  l e n  spin after reawery 
from right  rpfn. Model values 

converted to 
corresponding 

U Lnner wing up 
fu l l - sca le  valuea 

D lnner wing down - 

I 

I 

V 
l r p s l  ( f p e l  
R 

recovery 
Turns f o r  

3 

. 



lvIACA RM ~ 9 ~ 0 6  39 

c 
20 

Figure 1.- Drawing of the - - scale mode'l teated i n  the Langley 2Ckfoot 

free-spinning tunnel. Center of gravity  positioned a t  24 percent C. 
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Figure 3.- Photograph of the -- scale model spinning in the Langley 
20 
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Figure 4.- Photograph of the -- ' scale model mounted on the strain-gage 
.12 

balance in the Langley 20400t free-spinning tunnel. 
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Figure 5.- Inertia parameters f o r  loading6 tested on the.. - "Bcale model. 1 
20 

,(Points are f o r  loadings listed  in  table 111. ) 
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Figure 6.-Elevon def lect ions  used on t h e  models for various control- 
s t i c k  positions. . 
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Figure 7.- Typical  rolling motion of the -- scale m o d e l  with  aLlerons 
20 - set   against  the spin following launching w i t h  spinning  rotation. 

The center of gravity is at  24 percent 6. Camera speed is 64 frames 
per second. - 
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Figure 7.-  Continued. 
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Figure 7.- Concluded. 
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Figure 8.- Comparison of the aerodynamic character is t ics   in   pi tch .of I 
the - - and 1 - s c a l e  models and a Similar full-ecale airplane. 

Center of gravity at 24 percent C. = Oo, 6, = Oo, 6, = Oo, 

1 
20 12 

6r = 00. 
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Figure 9.- Aerodymamic c h a r a c t e r i s t i c s   i n  p i tch  of t h e   L - a c a l e  model. 
12 

Center of gravi ty  at. 24 p r c e n t  a. lr = Oo, 6, = Oo, 6, = Oo. 
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Figure 11.- !t r im tendencies of the -- I scale mdel a8 determined from 
20 

glide tests i n  spin tunnel.  Center of gravity atld elevators positioned 
88 shown. 
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